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INTRODUCTION
The increasing expansion of settlements invitably
leads to the modification and damage of the environ-
ment. During the constructions, it is often necessary
to do various landscape works, which may complete-
ly change the original morphology of the surface. In
the course of landscaping, the soils can suffer great
damages as well. Due to the banking up, the incre-
asing amount of artificial objects and the develop-
ment of a whole new cultural layer have to be expec-
ted. Furthermore, due to the levelling and carrying
away of the higher areas, deeper parts of the soil are
exposed, which are therefore directly affected by the
anthropogenic effects. Previously during the investi-
gation of the urban soils of Debrecen, we studied
urban development and the construction of transpor-
tation routes mostly (Szabó 1998). In the recent years,
more papers were published on the investigation of
urban soils of Hungary  most of these deal with the
heavy metal content of the urban soils the soil featu-
res modified by anthropogenic effect and the classi-
fication of urban soils(KovÆcs and NyÆri 1984; Sze-
gedi 1999; PuskÆs 2008; Bidló 2012; HorvÆth et al.
2013; Snador et al. 2013).
The objective of the present paper was to exami-
ne and interpret the features of the urban soils of
Debrecen and investigate the vertical distribution of
heavy metals in order to measure the ratio of anthro-
pogenic effects.
MATERIALS AND METHODS
In August 2012, samples from 11 soil profiles in
the city centre of Debrecen were collected. In total, 67
samples were analysed. We attempted to select the pro-
files in a way that they would cover the study area
proportionally (Fig. 1). The depth of the certain profi-
les varied from 1 to 2 m. At most of the profiles (8) an
artificial, hard technical layer can be identified (pave-
ment, road surface), which can be up to 40 cm thick.
The examination of the samples took place in the
soil laboratory of the Department of Landscape Pro-
tection and Environmental Geography, University of
Debrecen. The soil samples were dried at 40oC, then
eliminated the various material of anthropogenic ori-
gin, which are referred to as the artefact content of the
samples. Their amount in percentage of the weight of
the original soil samples were indicated. For the se-
paration of the rough fraction a 2 mm sieve was used.
The earthy material (fraction <2 mm) was used du-
ring the further investigations.
The particle size distribution of the soil was identi-
fied by sieving in the case of the fraction > 0.2 mm, and
by decantation in the case of the fraction < 0.2 mm. The
pH value of soils was measured potentiometrically
in a water and KCl with a ratio of 1:2.5. The CaCO3
content of the soil was identified using Scheibler cal-
cimeter, and the organic material content was identi-
fied by the Tyurin method. In order to identify the
heavy metal content, 5 ml concentrated nitric acid
and 2 ml hydrogen peroxide were added for 2 g soil
sample, then the samples were destructed at 130°C
for one and a half hour. The Co, Zn, Pb, and Cu con-
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tent of the samples were identified with Agilent MP-
AES 4100.
The correlation analyses were made with SPSS
for Windows Release 8.0 software and the figures
were made using C2 1.7 software.
STUDY AREA
With a population of 200.000, Debrecen is located
in the eastern part of Hungary on the border of the
HajdœsÆg and the NyírsØg landscapes. The landscape
border can be found in the western part of the city. The
various landscape features affect the soil conditions as
well, considering that in the sandy areas of the NyírsØg
mostly Arenosol can be found. On the loess plains of
the HajdœsÆg, the most frequent soil types are Cher-
nozems and Phaeozems. The lower areas of the
HajdœsÆg are often exposed to inland water during
the rainy season (MartonnØ 2008).
Debrecen has already been populated for the An-
cient Ages. The present city centre used to be four
separated villages, but they almost completely disap-
peared. The hub of the city centre was a wet dune
between depressions where planks were used for
making the traffic possible. The area has been filled
up through the centuries, and today the original soil
surface can be found only at the depth of 23 meters
(Csorba 2008). The areas circumjacent the city centre
are higher, therefore here the culture layer is usually
thinner.
Debrecen is no a highly polluted city, however, in
the city centre the pollution originated from the trans-
portation is a major issue. The industrial companies
 as the main emitters of the polluting agents  are
located in four industrial parks.
RESULTS AND DISCUSSION
Basic soil properties
In most of examined profiles the sand fraction is
dominant (more than 80% in majority of profiles).
The profiles 7 and 8 are the exceptions since in this
case the rate of sand fraction is between 55 and 76%.
In majority of profiles the content of clay is below 10%,
except for profile 7 where the rate of the clay fraction
was measured more than 10% in several layers of the
profile, and in cases of profiles 8, 14 and 15, where
the clay content was above the 10% only in the sub-
soil (Table 1).
The pH of the soil samples varied from 7.9 to 8.9.
Most of them was mildly alkaline, some of them al-
kaline. In the majority of profiles (7, 8, 10, 11, 15,
19, 21) we found a connection between the pH and
the CaCO3 content of the soil, as long as the higher
pH values of a given profile are generally attributed
with higher calcium content (Table 1).
Majority of the collected samples can be classified as
moderately calciferous (310% of calcium carbonate)
(Table 1). The average calcium carbonate content in
profiles exceeded 10% in profile 7 only, therefore that
is ranked among the strongly calciferous soils (IUSS
Working Group WRB 2007). The calcium carbonate
content in the profile 8, 10, 11, 14 and 21 shows an
increasing tendency with depth, whereas in the profi-
le 9, 19 and 20 the calcium carbonate content shows
a decreasing tendency with depth (Fig. 2). The soils
of Debrecen naturally contain calcium carbonate, the-
refore it is appearance may not be an effect of human
activity, however we found that there was higher
calcium carbonate content in profiles with higher
artificial content as well. In these cases, we can
assume anthropogenic effect.
FIGURE 1. The location of the soil profiles
in the city centre of Debrecen
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TABLE 1. Properties of the soils studied
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eliforP
7
0402
0604
0806
00108
021001
041021
061041
081061
002081
8.17
1.76
3.67
6.17
9.56
47
2.07
3.85
4.96
8.91
12
5.71
12
3.12
7.81
3.22
5.62
1.32
4.8
9.11
2.6
4.7
8.21
3.7
5.7
2.51
5.7
83.61
42.7
12.8
53.4
19.9
12.4
84.4
46.3
92.3
52.8
13.8
93.8
83.8
52.8
4.8
64.8
64.8
94.8
41.8
4.8
24.8
53.8
43.8
4.8
5.8
54.8
54.8
63.11
19.9
63.8
78.9
12.9
58.01
10.11
43.21
73.21
36.1
62.1
13.1
92.1
72.1
13.1
97.0
66.0
47.0
9.3
2.4
4
3.4
2.4
8.3
5.3
4.4
6.3
1.71
71
8.81
2.81
2.51
8.51
9.41
1.31
6.31
5.34
5.74
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93
5.14
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5.23
5.82
5.54
24
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5.64
5.14
83
5.93
5.43
5.63
eliforP
8
020
0402
0604
0806
00108
021001
5.27
37
2.66
3.85
6.75
2.55
5.81
91
1.72
8.13
6.03
7.92
9
8
7.6
9.9
8.11
1.51
82.3
63.3
46.2
61.1
12.0
51.0
1.8
60.8
4.8
65.8
17.8
39.8
69.7
79.7
72.8
4.8
74.8
95.8
69.5
58.5
82.01
28.11
29.9
13.21
8.1
37.1
62.1
96.0
91.1
46.0
1.5
9.5
4
3
3.3
3.3
3.81
5.81
7.91
8.81
1.71
9.81
13
53
43
03
13
5.23
74
54
74
5.54
5.54
5.64
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9
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0402
0604
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00108
021001
2.38
4.58
7.78
5.78
68
2.98
7.01
6.8
1.7
6.6
4.8
5.6
1.6
6
2.5
9.5
6.5
3.4
64.8
89.6
61.8
16.7
80.5
37.5
74.8
83.8
53.8
53.8
3.8
50.8
33.8
72.8
92.8
62.8
42.8
80.8
56.6
54.7
30.6
61.6
67.5
46.5
21.1
8.0
45.0
87.0
76.0
76.0
2.6
9.5
1.7
7.6
6.6
1.6
8.61
5.41
01
6.11
5.11
2.41
5.93
53
22
93
5.42
5.82
63
5.53
72
03
03
53
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3.48
5.87
68
4.28
3.37
7.9
41
6.9
5.21
9.71
6
5.7
4.4
1.5
8.8
99.4
85.3
12.0
26.2
61.2
87.8
36.8
25.8
75.8
87.8
53.8
13.8
23.8
52.8
62.8
83.6
10.8
81.6
22.7
4.01
23.1
2.1
71.1
88.1
2
4.5
9.4
6
4.5
2.4
5.02
3.12
9.01
1.61
1.03
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36
34
5.24
5.33
5.63
5.33
5.62
63
5.94
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5.77
7.87
4.48
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31
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9.3
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3.8
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5.8
8
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33.1
3.5
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5.83
5.23
721
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9
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2
4
7.6
7.1
7.1
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48.0
18.3
02.1
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39.8
46.8
13.8
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40.8
71.8
4.8
82.8
79.7
48.7
67.7
48.7
45.2
22.3
60.8
33.5
17.7
16.01
23.0
7.0
90.2
44.2
28.2
57.2
4.7
3.7
4.4
8.5
9.3
6.3
3.6
8.7
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8.32
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01
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46
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12
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37
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51
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9.49
7.18
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6.3
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5.91
5.1
7
8.01
9
21.31
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12.4
83.8
34.8
45.8
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13.8
81.8
71.8
2.8
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9.11
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74.0
69.0
64.1
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5.35
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4.58
2.88
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8.09
19
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7.8
6.8
6.6
4.4
8.5
3.4
8.2
4.5
6
2.5
7.4
4.3
7.4
8.3
78.51
59.41
00.6
23.1
59.1
53.1
48.0
67.8
6.8
54.8
13.8
23.8
33.8
55.8
83.8
62.8
3.8
82.8
92.8
3.8
63.8
2.7
1.5
67.5
78.3
35.2
04.4
88.4
45.0
29.0
53.0
82.0
72.0
52.0
51.0
8.6
6
2.6
2.7
8.6
8.7
7
5.31
51
3.21
2.9
7.8
2.7
7.9
5.14
5.94
5.33
61
51
21
5.41
5.54
5.64
5.83
5.82
92
5.12
82
eliforP
02
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0402
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031021
19
7.58
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3.98
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5
2.9
5.7
4.8
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4
1.5
2.4
3.2
9.5
7.2
6.6
55.6
63.7
68.3
70.2
1.2
33.1
90.0
71.8
32.8
90.8
40.8
99.7
59.7
88.7
82.8
81.8
11.8
20.8
8
98.7
8.7
15.4
78.5
78.4
84.5
60.5
29.3
15.4
28.0
97.0
57.0
36.0
23.1
25.1
65.1
7
2.5
6.6
4.6
9.5
8.5
6
4.81
7.94
5.08
1.28
8.92
3.72
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5.34
17
5.04
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5.06
5.13
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75
5.06
56
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4.41
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5.2
8.2
9.3
2.11
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53.8
80.9
69.3
75.0
29.7
41.8
82.8
3.8
63.8
28.7
10.8
90.8
90.8
8
5.5
54.8
77.11
69.01
62.21
40.2
90.2
40.2
58.1
48.2
7.4
5.4
8.3
5.4
9.2
6.24
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2.93
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9.14
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37
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The organic matter content is less than 2% in eve-
ry case where hard artificial covering layer cannot be
found (7, 8, 9, 11). However, the decreasing tenden-
cy of the humus content towards the deeper layers
can be identified only at the profile 7. In the rest of
the profiles we can find layers with higher organic
matter contents in deeper layers, which are probably
caused by the disruption. The distribution of organic
matter in soils containing hard rock (profiles 14, 15,
19, 20, 21, 22) is irregular (Table 1).
Profile 19 had the lowest organic matter contents
(0.150.92%) (Table 1). The layer situated directly
under the asphalt which was used for the base of the
road, has a low organic matter content (0.54%). The
next level supposedly constituted the original surfa-
ce layer (0.92%), because the organic matter shows
regular decrease towards the deeper layers.
Contents of artefacts
One of the most conspicuous manifestation of the
anthropogenic effect is the appearance of the artefact
content in the soil profiles (Fig. 3). The average arte-
fact content of the investigated 11 profiles is 5.3%
which is classified into the common category (5
15%) according to the categorization of the FAO
(IUSS Working Group WRB 2007). The most frequ-
ent anthropogenic materials are the construction and
destruction rubbles which often have high calcium
carbonate content. Moreover, glass and metal can be
found in them as well. There are profiles (no. 14 and
19) where the calcium carbonate content of certain
layers is around 10% or higher  these profiles ge-
nerally have a 2040 cm thick hard artificial layer from
the surface (Fig. 2). The great disruption of the layers
situated directly underneath them is due to the con-
struction of pavement and roads and the banking up of
their track. The profiles 8 and 9 which were less affec-
ted by the road constructions, do not have such techni-
cal layer and contain less construction rubbles.
The amount of the anthropogenic materials was
the highest in the profile 7 and 11 (Table 1). High
quantities of construction rubbles are found in the
surface layer of the profile 7 (16.38%) and their amo-
unts decrease downwards. However, that tendency is
not linear: we can find 9% of artefacts at the depth of
1 m, the further layers of the profile have on average
around 5% of artificial constituents (Fig. 3). In all
horizons of the profile 11 we identified values above
average (5,3%), with the difference that the lowest
layer of the profile contains the highest amounts of
artificial material (16,16%).
continuation of Table 1
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FIGURE 2. The distribution of calcium carbonate content (%) in
profile 9, 19, 14, 21
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Contents and distribution of heavy metals
The heavy metal adsorption capacity of the soils
of Debrecen is usually small, thanks to the relatively
high ratio of the rough grain fraction and low humus
content (Table 1). The most important source of he-
avy metal pollution is unambiguously the transporta-
tion, however, there are some industrial facilities in
the city, the operation of which is accompanied by
heavy metal emission. Such facility are, for instance,
the thermal power plant, the M`V service station
or the TEVA pharmaceuticals. Concentrations of Co
and Zn were below the limits detailed in the 6/2009
(IV. 14.) of the KvVM-EüM-FVMs (Hungarian Mi-
nistries of Environment, Healthcare and Agriculture)
joint decree, which is presently in force in Hungary.
However, in the case of copper and lead we measu-
red concentrations which exceeded the limits, but
extremely high values were not found.
The distribution of heavy metals in the profiles is
affected by more factors. One of them is the source of
the given heavy metal, which can be of anthropogenic
or lithogenic origin. Naturally, these categories are not
exclusive, but the character of the distribution can in-
dicate the dominant source. According to the papers
dealing with urban soils, lead, copper and zinc usually
are of an anthropogenic origin, while cobalt has pri-
marily a lithogenic origin in the urban soils (Imperato
et al. 2003; Lark and Scheib 2013; Li et al. 2011; PuskÆs
and Farsang 2006; Shi et al. 2008; Szalai and NØmeth
2008; Charzyæski and Hulisz 2013).
The distribution of heavy metals in soil profiles is
also affected by the disruption of the profile, since the
original distribution is completely reorganized during
the disruption. In the undisrupted profiles the heavy
metals of anthropogenic origin are generally accumula-
ted in the upper layer of the soil and their concentration
is decreasing downwards, whereas the heavy metals with
lithogenic origin are often accumulated in the deeper
layers (PuskÆs and Farsang 2006; Shi et al. 2008).
The vertical distribution of the heavy metals can be
affected by the artefact content, as long as the artificial
materials may contain metals (Howard and Olszew-
ska 2011). This can be seen in profile 11, where arte-
fact content was high in the deepest layer of the profile
and the lead, zinc and copper content reached their
maximum in this layer (Fig. 4). In the case of lead, the
measured value exceeded the Hungarian limit (100
mg•kg1, according to the 6/2009 joint decree).
FIGURE 3. The distribution of artefact content (%) in profile 8,
9, 7, 11
FIGURE 4.
The vertical
distribution of
organic matter (%),
artefact (%) and
heavy metal content
(mg•kg1)
in profile 11
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Degree of the disruption of soils
In the cities, the soils are often disrupted, particu-
larly when the history of the settlement is dated back
to centuries before. This is the case in the city centre
of Debrecen, since all of the investigated profiles were
disrupted, which can be traced by the heavy metal
distribution in the profiles studied. This distribution
is also affected by the humus content and the particle
size distribution, because of the greater adsorption
capacity of the humus materials and the smaller gra-
in fractions. This finding was underpinned by the
Spearmans correlation tests as well. The strongest
positive correlation was found between the humus
content and the copper, zinc and lead content of the
soil (Table 2) which indicates the heavy metal ab-
sorption affinity of the humus materials (KovÆcs and
NyÆri 1984; Hargitai 1989; Szabó and Posta 2008;
Szabó et al. 2008). Usually negative correlation is
shown between the ratio of the sand fraction and the
concentration of the investigated heavy metals (Ta-
ble 2). Based on the correlation coefficients, we esta-
blished that the silt fraction has the highest adsorp-
tion capacity, which shows a strong positive correla-
tion with the heavy metal content with the exception
of cobalt. In our former study we have realized a stron-
ger correlation between the silt fraction and heavy
metals (Szabó 2000).
Based on heavy metal distribution, there were dif-
ferences between the investigated profiles regarding
the extent of disruption. For instance, in the case of
profile 19, we only found indications of disruption in
the upper 100 cm layer of the profile, whereas the
layers deeper than 100 cm appeared to be undisrup-
ted (Fig. 5). The rates of humus and the artificial ma-
terial content were also the highest in the upper 100
cm layer, and the metals (lead, zinc, copper) origina-
ting from anthropogenic sources were also concen-
trated in this layer (Table 1). The vertical distribution
of the cobalt was generally even in the whole profile.
In the case of profile 14 the surface of the original
soil was covered with a layer which was rich in arti-
ficial materials and debris. This layer contained low
amounts of organic matter and hardly contained Cu,
Pb, and Zn heavy metals, with the exception of co-
balt. The original soil surface begins at appr. 60 cm
depth. Here the humus content was significantly hi-
gher and the lead, copper and zinc content were also
increased relatively to the rates measured in the up-
per layer. In this case, the whole profile is disrupted,
since the humus content has an irregular pattern, as it
was increasing towards the deeper layers. At the same
time the contents of metals (lead, zinc, copper) also
increased downwards (Fig. 6).
Profile 21 is located in a vegetable garden on the
southwestern part of the study area, on the border zone
between NyírsØg and HajdœsÆg. The transition to-
wards HajdœsÆg is indicated by the higher humus
content in the profile, and different particle size di-
stribution than in soils of NyírsØg. The traces of di-
sruption can be observed in the whole profile, howe-
ver, the content of the metals  with the exception of
lead  shows a surprisingly even vertical distribution
(Fig. 7). Moreover, the distribution of organic matter
is also even, which indicates that homogenous humus
TABLE 2. Spearmens correlation coefficients
lateM\erutaeflioS tlaboC reppoC daeL cniZ
tnetnocsumuH
noitcarfdnaS
noitcarftliS
noitcarfyalC
**66.0-
**66.0
**9.0-
**45.0-
**17.0
*62.0-
**75.0
61.0
**86.0
12.0-
**54.0
01.0
**27.0
81.0-
**25.0
60.0
Explanation: (**p<0,01; *p<0,05)
FIGURE 5.
The vertical
distribution
of organic matter
(%),
artefact (%)
and heavy metal
content (mg•kg1)
 in profile 19
    
²
²
²
²
²
²
²
DWWH FR WH W
Organic
matter
Artefact
content
Lead Zinc Cooper Cobalt
D
ep
th
 (
cm
)
Unauthenticated | 80.98.28.108
Download Date | 5/26/14 9:40 PM
8 G`BOR S`NDOR, GYÖRGY SZABÓ
banking up might take place in this area in the past.
The lead content exceeded the limit (100 mg•kg1) esta-
blished in 6/2009 joint decree of the profile (Table 1).
monstrable in three profiles so the Ruptic qualifier
was given. The heavy metal concentrations were me-
asured above the Hungarian limit value in three pro-
files so the Toxic qualifier was used.
FIGURE 6. The vertical
distribution of organic
matter (%), artefact (%)
and heavy metal content
(mg•kg1) in profile 14
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FIGURE 7. The vertical distribution of organic matter (%), artefact (%) and heavy metal content (mg•kg1) in profile 21
TABLE 3. Soil classification
fo.oN
seliforp
noitacifissalcBRW
7
8
9
01
11
41
51
91
02
12
22
)ciraclaC(losonhceTcivuLcinarkE
)ciraclaC(mezoeahPcivuL
)ciraclaC(losonerAcitorP
)cimuH,ciraclaC(losonhceTcivuLcillomotpahTcinarkE
)cineraodnE,ciraclaC(mezoeahPcilpaH
)cinerA,cixoT,citpuR,ciraclaC(losonhceTcinarkE
)cinerA,citpuR,ciraclaC(losonhceTcinarkE
)cineraodnE,citpuR,ciraclaC(losonhceTcinarkE
)cineraipE,cixoT,ciraclaC(losonhceTcinarkE
)cimuH,cixoT,ciraclaC(losonhceTcivuLcillomotpahTcinarkE
)cineraodnE,ciraclaC(losonhceTcinarkE
Classification of the soils studied
The soil profiles studied were classified according
to the WRB Soil Classification System (Table 3). We
classified the examined profiles as Technosols (8 pro-
files), Phaeozems (2 profiles), and Arenosol (1 profi-
le). All Technosols included an anthropogenic tech-
nic layer on the surface, therefore the Ekranic prefix
qualifier was used in this case. The calcium carbona-
te content of the soils in the city centre of Debrecen
in all profiles was > 2%, so the Calcaric suffix quali-
fier was used. The lithological discontinuity was de-
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CONCLUSIONS
 The soils of the Debrecen city centre are greatly
affected by human activity. The original soil mor-
phology cannot be identified in majority of the
profiles, because of the accumulation of the cultu-
ral layers and the significant disruption.
 Diverse amounts of artefacts were found in each
profile. The average artefact content of the soils
of the city centre is 5.3% and the maximum arte-
fact content is more than 16%.
 The vertical distribution of the organic matter po-
ints to anthropogenic effect. Towards the deeper
layers irregularly alternating layers of rich and poor
humus content can be found. However, in the soils
without hard covering layers the organic matter in
the upper parts of profiles were the highest. In the
case of the soils with the a between the hard and
must be deleted covering layer, we found that ge-
nerally the contents of organic matter increased
with the increasing depth of soil.
 The investigated urban soils are moderately pollu-
ted by copper and lead, since in some samples a
little bit higher values were measured than the li-
mits established in Hungarian law.
 Heavy metal contents primarily correlate with the hu-
mus content and the particle size distribution. More-
over, in some cases we identified that higher amounts
of metals are present in layers containing artefacts.
 The majority of the studied profiles were classi-
fied as Technosols. Some of them were classified
as Phaeozems and Arenosols.
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